Six pregnant mares were given equine viral arteritis virus intravenously. Tissues from genital tracts, placentae, and fetuses were examined by light and electron microscopy to study the mechanism of abortion. Four mares which died with acute disease had diffuse vacuolation of endometrial epithelium and systemic necrotizing vasculitis. Two of these mares had dead fetuses and two had live fetuses; virus was isolated from tissues of one live fetus. Placentae of mares dying from acute disease did not have lesions attributable to infection; virus was isolated from two of these placentae. One of the two mares which recovered from clinical disease aborted a dead fetus eight days after inoculation. The mare had severe necrotizing myometritis and virus was isolated from maternal ovaries and from fetal tissues. The fetus did not have lesions attributable to arteritis virus. These results suggest that although fetal death may occur in uteru during acute equine viral arteritis, abortion probably is due to lesions in the uterus of the mare.
In breeding herds, abortion is associated with equine viral arteritis outbreaks3 The moderate signs of disease in mares' suggest that a local infection of the reproductive tract, placenta, or fetus is responsible for abortion.
Although aborted fetuses do not have vascular les i o n~,~. transplacental infection probably occurs, since virus can be recovered from fetal tissue^.^ Proposed mechanisms for abortion in equine viral arteritis include impairment of uterine blood supply resulting in expulsion of the fetus7 or direct effect of the virus on fetuses, causing lethal infection and subsequent e x p u l~i o n .~ The objective of this study was to elucidate the pathogenesis of abortion by describing the lesions of maternal genital tract, placenta, and fetuses in pregnant mares which were infected experimentally.
Materials and Methods
Seven pregnant pony mares over 150 days gestation were used in this study. Six mares from an area free of equine viral arteritis were inoculated with the virus; one mare was an uninoculated control. Inoculum was a 10% suspension of spleen in phosphate buffered saline from a horse which died of acute equine viral arteritis after inoculation with the Bucyrus strain. Each mare was given 5 ml suspension intravenously.
Horses were killed by intravenous injection of pentobarbital (Nembutal'" Sodium, Abbott Lab., Chicago, IL) and succinylcholine (1 0% solution), immediately followed by severing of the axillary blood vessels. Tissue samples were collected for virology, histology, and electron microscopy.
For virology, tissues were frozen in dry ice and stored at -60°C. A 10% weight over volume thawed suspension was made in a TenBroek tissue grinder with Eagle's minimum essential medium and centrifuged at 500g for 20 minutes. Serial ten-fold dilutions of supernatant fluid in Eagle's medium were layered onto a confluent layer of embryonic mule skin cells in chamber slides. Cell cultures were incubated at 37°C and passaged twice before being considered negative.
For histology, multiple samples of placenta and ovary were collected from each pregnant mare. In the mare killed after abortion, samples of uterus were collected and processed like placental tissue from other mares. Fetal tissue included liver, kidney, lung, umbilicus, gonad, mesenteric lymph node, and spleen. Tissues were fixed in 10% buffered formalin, dehydrated in graded alcohols, embedded in paraffin, cut at 6 pm, and stained with hematoxylin and eosin (HE). Mason's trichrome, van Gieson's, phosphotungstic acid hematoxylin, and Gomori's aldehyde fuchsin stain for elastin also were used on some samples. Ten pm frozen sections were stained with oil red 0.
For electron microscopy, six pieces of placenta or uterus adjacent to areas sampled for histology were fixed in 2.5% glutaraldehyde, rinsed in cacodylate buffer, stained en bloc in 333 Results Mares 3 and 4 were found dead. Mares 2 and 5 were killed when terminally ill, four to five days after inoculation (table I). All four mares had generalized lesions of blood vessel degeneration and necrosis. Mares 2 and 6 only had transient fever after inoculation; they were killed during the recovery phase of the disease. Mare 6 aborted a dead fetus eight days after inoculation. Mare 7, the uninoculated control, was normal during the observation period.
Virus was recovered from placenta or ovary in three mares and from visceral organs of two fetuses (table I) . The placental-uterine interface (fig. 1) was intact in mares which did not abort. In mare 6, killed 24 hours after abortion, placenta was not available for morphologic study, therefore, uterus lesions seen in mare 6 are reported in a separate description.
Uterus (mare 6): Grossly, the uterine surface was swollen and diffusely congested. No remnant of placenta was seen at necropsy. Histologically, there were extensive endometrial and myometrial lesions. In all samples examined, severe vacuolation was seen in about 10% of the cells of uterine surface epithelium. Most vacuoles contained eosinophilic material and granular basophilic debris ( fig. 2 ). The surface epithelium and the superficial layer of the propria-submucosa was infiltrated diffusely with neutrophils ( fig. 2 ). Vacuolation was seen in all uterine glands examined, and Lesions of muscle fibers were extensive in inner circular and outer longitudinal layers of myometrium; they were more severe in the internal part of the inner layer. Foci of macrophages and lymphocytes ( fig. 4) were seen only in smooth muscle fibers-adjacent connective tissue was spared. All samples of myometrium had similar lesions. No lesion was seen in endometrial or myometrial blood vessels and no fibrin was found in samples of uterus.
Ultrastructurally, cells of uterine surface epithelium were swollen, the cytocavitary network was fragmented, and mitochondria were swollen with precipitates of granular material in the matrix. Large phagolysosomes and residual bodies were in baso-lateral parts of many cells, adjacent to the nucleus ( fig. 5 ). Lysosomes contained large clumps of electron dense material, stacks and concentric arrays of membranes, vesicles of various sizes and shapes, and finely granular material ( fig. 6) . The propria-submucosa of the endometrium was edematous and contained macrophages and neutrophils. Lesions of blood vessels were mild-limited to endothelial cell swelling in some capillaries. Lipid vacuoles and phagolysosomes occasionally were seen in pennuclear areas, near the luminal surface of swollen endothelial cells. No evidence of platelet aggregation or fibrin deposition was seen.
Mvometrial lesions were characterized by necrosis bodies containing membrane aggregates, electron dense granular material, and necrotic debris. Bar = 0.5 pm. and degeneration of smooth muscle cells and by severe interstitial edema. Occasionally, large accumulations of ribosomes were adjacent to the plasma membrane of smooth muscle cells ( fig. 7) . Degenerated macrophages, containing lipids and cell debris, were in the interstitium. In contrast to the severity of lesions in smooth muscle, changes in blood vessels were minimal, limited to occasional endothelial cell swelling in capillaries ( fig.  8) .
Placentae: Grossly, the uterine surface was covered diffusely by adherent placenta in mares 1, 2, 5, and 7. After removal of fetal membranes, uterine surfaces were normal, without evidence of hemorrhage or edema. Placentae of mares 3 and 4 were autolytic.
Histologically, placentae of mares 1 and 7 were normal, with the characteristic morphology of equine pla-centa-diffuse, non-deciduate villous, and epitheliochorial. Placentomes (microcotyledons), where fetomaternal exchanges take place, were distributed evenly over the entire surface of the chorion. In each microcotyledon, placental bamer was composed of fetal capillaries and large trophoblast cells with microvilli that interdigitated with corresponding structures of maternal epithelium. Maternal epithelial cells were irregular, immediately adjacent to maternal blood vessels ( fig. 9 ).
In contrast, placentae of mares 2 and 5 were markedly hyperemic. Maternal epithelium was diffusely vacuolated. Edema, occasional neutrophils, and macrophages were in the propria-submucosa of the endometrium. Blood vessels were normal histologically in all five mares except for autolytic changes in tissues from mares 3 and 4. Ultrastructurally, placental lesions in mares 2 and 5 were limited to the maternal side. Cells of maternal epithelium were swollen, with large vacuoles containing finely granular material and lipids. Lesions of the blood vessels were characterized by acute endothelial cell swelling ( fig. 10 ). Myometrium was normal in all mares which did not abort.
Ovaries: Grossly, ovarian lesions were not seen in any mare. Mares 2, 3, and 4 had diffuse edema of the lumbar area, including ovaries and periovarian fat. Histologically, ovarian lesions were limited to these three mares. In mare 4, muscular arteries in the vascular zone were extensively necrotic, with severe penvascular fibrin deposition, edema, and hemorrhage. Polymorphonuclear neutrophils lined the intima of many small blood vessels. Ovarian connective tissue was infiltrated diffusely with proteinaceous fluid. Lymphocytes, macrophages, and granulocytes were seen around capillaries, often associated with hemorrhage. Blood vessel necrosis and vasculitis were less severe in follicular zone of the ovaries and milder in ovaries of mare 3 than in mare 4. In mare 2, ovarian lesions were limited to focal infiltration of granulocytes around some muscular arteries of the vascular zone. Fetuses: No gross lesions were seen in any fetus, except for changes due to autolysis. All fetal tissues examined histologically were normal except umbilical cords of fetuses 5 and 6. In fetus 5, a focal lesion bulged at the surface of the cord, between the thick wall of an umbilical artery and chorionic epithelium. The lesion was composed of a homogeneous eosinophilic center with small scattered hemorrhages. A large number of foamy macrophages, microabscesses, and fibroblasts also were seen at the periphery of the main lesion. In fetus 6, chorionic epithelium and a thick layer of underlying connective tissue were separated from the rest of the cord by a long, slender cleft, running parallel to the surface of the cord on about 25% of its section. The cleft contained granules of gold-brown pigment, and strips of eosinophilic material resembling keratin. Clusters of macrophages were around the blood vessels and the lesion was infiltrated by neutrophils. 
Discussion
These studies suggest that acute multifocal myometritis may occur in equine viral arteritis infection in the absence of generalized vascular lesions. The absence of generalized lesions in mare 6, nine days after experimental infection, shows that uterine lesions were not sequelae of generalized disease because maximum necrosis of small arteries occurs ten days after inocula-tione5
Evidence that virus replicated in smooth muscle cells of myometrium is supported by the nature of the lesions, by the recovery of virus from the genital tract of the mare, and by the presence of large aggregates of ribosomes near the membrane of myometrial smooth muscle cells. Similar ribosome clusters were observed in endothelial cells of arteries in horses infected with equine viral arteritis virus4
In contrast to myometrial lesions, endometrial lesions described in this study probably were not due directly to equine viral arteritis virus. Similar lesions were seen in inoculated mares which did not abort and endometrial and placental vacuolation has been reported in various pathologic conditions of pregnant mares including stillbirth, placental retention, abortion, and dystocia. ' I The lesions have been attributed to deficiencies in fetal and placental blood supply.' I In this study, lesions of the ovary did not appear to correlate with abortion. This is not surprising since in mares, placenta becomes the major source of progesterone over 150 days gestation and is responsible for maintaining gestation. l o Lesions in umbilical cords of fetuses were not due to equine viral arteritis. Similar findings have been described in normal foals at term and are attributed to ruptures in the amniotic epithelium with penetration of epidermal debris, erythrocytes, and meconium into the umbilical cord."
We believe that abortion in equine viral arteritis may occur as a result of myometritis of the mare. Decreased blood supply to placenta and fetus can result from mechanical compression on blood vessels by edema in myometrium or from tissue distension by loss of myometrium tonicity. Placental detachment follows, with expulsion of a dead or moribund fetus. A possible additional mechanism of abortion involves a decrease of progesterone production by the injured placenta and local release of prostaglandins. Indeed, the level of circulating progesterone decreased steadily in mare 6 from 48 hours before abortion and was undetectable the day of necropsy (Coignoul, unpublished observation). The absence of arteritis lesions in fetuses, also observed by others,3-' is consistent with the pathogenesis of abortion proposed in this study, since abortion would be the result of fetal and placental anoxia.
Recovery of virus from aborted fetuses may be a result of fetal contamination, due to an increased permeability of injured placenta. Extensive changes occur in the equine placenta during normal pregnancy that can affect permeability of the placental bamer to viruses. Around 100 days gestation, tufts of trophoblast cells invaginate in corresponding endometrial crypts, forming microcotyledons.' As gestation progresses, fetal capillaries insinuate progressively between trophoblast cells? With concomitant endometrial thinning, the distance between fetal and maternal blood vessels is reduced progressively, increasing placental permeability.' Natural outbreaks of equine viral arteritis characterized by transient clinical signs and followed by abortion in pregnant mares3. ' contrast with the experimental disease, characterized by high mortalities and generalized lesions of blood vessel necrosis.'.' The reasons for these differences in pathogenicity are not clear. It is possible that a genital form of disease with myometritis is frequent in natural outbreaks. Since only one serotype of equine viral arteritis virus is known, virus resistance and attenuation, and transmission among to understand the reasons for the differences between experimental and natural disease. horses and among herds should be evaluated in order
